Adenylyl cyclase (AC) types 5 and 6 (AC5 and AC6) are the two major AC isoforms expressed in the mammalian heart that mediate signals from ␤-adrenergic receptor stimulation. Because of the unavailability of isoform-specific antibodies, it is difficult to ascertain the expression levels of AC5 protein in the heart. Here we demonstrated the successful generation of an AC5 isoform-specific mouse monoclonal antibody and studied the expression of AC5 protein during cardiac development in different mammalian species. The specificity of the antibody was confirmed using heart and brain tissues from AC5 knockout mice and from transgenic mice overexpressing AC5. In mice, the AC5 protein was highest in the brain but was also detectable in all organs studied, including the heart, brain, lung, liver, stomach, kidney, skeletal muscle, and vascular tissues. Western blot analysis showed that AC5 was most abundant in the neonatal heart and declined to basal levels in the adult heart. AC5 protein increased in the heart with pressure-overload left ventricular hypertrophy. Thus this new AC5 antibody demonstrated that this AC isoform behaves similarly to fetal type genes, such as atrial natriuretic peptide; i.e., it declines with development and increases with pressureoverload hypertrophy. adenylyl cyclase isoforms; monoclonal antibody; pressure overload; hypertrophy ADENYLYL CYCLASE (AC) is an enzyme that catalyzes the conversion of ATP to cAMP. The complexity in understanding the signaling pathway of cAMP can be attributed, in part, to 10 isoforms of AC: nine membrane bound and one soluble, which have been cloned and characterized in mammals (4, 6, 9, 10, 29) . Each of these membrane-bound isoforms consists of two hydrophobic domains (with 6 transmembrane spans) and two cytoplasmic domains. The cytoplasmic domains constitute the catalytic site, which is subject to intracellular regulation (6). The AC isoforms have high amino acid homology in their cytoplasmic domains but differ in the sequence of the transmembrane region. The specificity of tissue distribution, the functional properties, and the chromosomal location of the corresponding genes also differentiate these isoforms (4, 10, 12). The major AC isoforms expressed in the heart are type 5 (AC5) and type 6 (AC6) (7, 11, 30) . Tissue distribution and developmental expression of AC5 and AC6 mRNA have been previously studied in rats, chicks, and humans (7, 30, 31) . However, in the absence of an AC5-specific antibody, it has not been possible to determine the levels of protein expression. It is very important to study the differential regulation of AC5 and AC6 in the heart since AC5 and AC6 behave differently in the pathogenesis of heart failure. We demonstrated that the AC5 knockout (KO) mouse model lives longer and is resistant to stress (32), including chronic pressure overload (21) and chronic catecholamine (22) stress. However, studies by others have suggested that the overexpression of AC6 is beneficial and might be considered for heart failure therapy (23). In addition, based on mRNA measurements, conflicting data have been presented regarding the ontogeny of AC5 (7, 26, 30) . All of the important studies related to AC5 in the heart are limited by the absence of a specific antibody. Accordingly, the first goal of this investigation was to develop an AC5-specific monoclonal antibody and then to determine the expression levels of AC5 protein during a physiological process and cardiac development and in response to pathophysiological stress induced by chronic pressure overload.
ADENYLYL CYCLASE (AC) is an enzyme that catalyzes the conversion of ATP to cAMP. The complexity in understanding the signaling pathway of cAMP can be attributed, in part, to 10 isoforms of AC: nine membrane bound and one soluble, which have been cloned and characterized in mammals (4, 6, 9, 10, 29) . Each of these membrane-bound isoforms consists of two hydrophobic domains (with 6 transmembrane spans) and two cytoplasmic domains. The cytoplasmic domains constitute the catalytic site, which is subject to intracellular regulation (6) . The AC isoforms have high amino acid homology in their cytoplasmic domains but differ in the sequence of the transmembrane region. The specificity of tissue distribution, the functional properties, and the chromosomal location of the corresponding genes also differentiate these isoforms (4, 10, 12) . The major AC isoforms expressed in the heart are type 5 (AC5) and type 6 (AC6) (7, 11, 30) . Tissue distribution and developmental expression of AC5 and AC6 mRNA have been previously studied in rats, chicks, and humans (7, 30, 31) . However, in the absence of an AC5-specific antibody, it has not been possible to determine the levels of protein expression. It is very important to study the differential regulation of AC5 and AC6 in the heart since AC5 and AC6 behave differently in the pathogenesis of heart failure. We demonstrated that the AC5 knockout (KO) mouse model lives longer and is resistant to stress (32) , including chronic pressure overload (21) and chronic catecholamine (22) stress. However, studies by others have suggested that the overexpression of AC6 is beneficial and might be considered for heart failure therapy (23) . In addition, based on mRNA measurements, conflicting data have been presented regarding the ontogeny of AC5 (7, 26, 30) . All of the important studies related to AC5 in the heart are limited by the absence of a specific antibody. Accordingly, the first goal of this investigation was to develop an AC5-specific monoclonal antibody and then to determine the expression levels of AC5 protein during a physiological process and cardiac development and in response to pathophysiological stress induced by chronic pressure overload.
MATERIALS AND METHODS
Antibody preparation and purification. The peptide sequence NH2-GNQVSKEMKRMGFEDPKDKN-COOH, which is specific to the cytoplasmic domain (C1b portion) of the AC5 protein and has the least homology with the other AC isoforms, was used to generate the mouse monoclonal antibody. The synthetic peptide (Rockland Immunochemicals, Gilbertville, PA) was conjugated to keyhole limpet hemocyanin to impart immunogenicity to the small peptide and then mixed with adjuvant (Titermax Gold for the first injection and Freund's incomplete adjuvant for subsequent booster doses) and used to immunize Balb/C mice. The fusion of mouse spleen with mouse myeloma cells, Sp2/0, was done using standard hybridoma techniques (17) . The selection of the antibody was done by screening the supernatant by ELISA and using the synthetic peptide as an antigen. The CELLine device CL-1000 (BD Biosciences) was used for producing the monoclonal antibody in high yield. Cells were harvested by centrifugation at 3,500 g for 1 h at 4°C. The monoclonal antibody in the supernatant fraction was precipitated with ice-cold ammonium sulfate solution (pH 7.4). The antibody pellet was dissolved in PBS and dialyzed against the same buffer. The dialysate was centrifuged at 10,000 g for 30 min at 4°C to remove aggregates, if any. The supernatant fraction was filtered through a 0.2-mm filter and further purified by immunoaffinity chromatography using a protein G column (Pierce Biotechnology) following the manufacturer's protocol.
Animal models. The transgenic (TG) mouse with cardiac overexpression of AC5 was generated by the insertion of the coding region of the canine AC5 gene (4.3 kb, gene bank accession no. M88649; cloned by Dr. Ishikawa) to a vector containing the mouse ␣-myosin heavy chain gene promoter region (gene bank accession no. U71441) in a pBlueScript vector followed by poly(A) sequence of the human growth hormone gene. The AC6 TG construct was done similarly by inserting the coding region of the canine AC6 gene (4 kb, gene bank accession no. M94968; cloned by Dr. Ishikawa) into the same vector. AC5 KO (20) and wild-type (WT) mice and 129SVJ mice were also used for ontogenic studies. Commercially available Sprague-Dawley rats and mixed-breed pigs (n ϭ 4 per age group) were used for ontogenic studies. FVB mice were used for transverse aortic banding (25) to induce left ventricular hypertrophy (LVH). At 4 to 5 mo of age, the mice were anesthetized with a mixture of ketamine (65 mg/kg), xylazine (2 mg/kg), and acepromazine (13 mg/kg). A thoracotomy was performed and the transverse aorta was constricted by placing a suture around a 28-gauge needle. The needle was removed and the chest closed. A similar procedure was performed on shamoperated mice without the placement of the suture. After 4 wk of were immunoblotted with AC5/6 commercial antibody from Santa Cruz. Membrane preparations from the whole heart (B) and brain (C) of AC5 knockout (KO), wild-type (WT), and cardiac-specific AC5 transgenic (TG) mouse models (n ϭ 7 to 8) were resolved on a 6% SDS-PAGE and immunoprobed with AC5MAb. The data are normalized to the value of WT samples and expressed as means Ϯ SE. The loading control is shown using pan-cadherin antibody. *P Ͻ 0.05 vs. all other groups. NS, not significantly different. Fig. 2 . Western blot analysis of AC5MAb with mouse heart. A: AC5 protein is detected by immunoblotting and is absent in AC5 KO and increased in AC5 TG hearts. The level of AC5 was similar to WT in the AC6 TG mouse heart. The amount of protein loaded from AC5 TG heart is 50% of the amount from AC5 KO, WT, and AC6 TG hearts. B: immunoblot using an AC5/6 commercial antibody. The AC levels were not different in hearts of AC5 KO, WT, and AC5 TG but increased in AC6 TG hearts, indicating that this antibody may primarily detect only AC6 protein. The amount of protein loaded from AC6 TG heart is 30% of the amount from AC5 KO, WT, and AC5 TG hearts. The loading control is shown using pan-cadherin antibody. Fig. 3 . Tissue distribution of AC5 protein expression in young pigs (2 to 3 mo, n ϭ 4). With the use of Western blot analysis, the level of AC5 protein expression was measured in kidney, lung, liver, stomach, intestine, spleen, skeletal muscle, and vascular tissues. The number of samples exceeded that which could be run on one gel, and, accordingly, samples were run on 3 distinct gels; each gel contained the same kidney sample as a control. All data were quantitated with densitometry and normalized to the value of kidney samples. Data are expressed as means Ϯ SE. aortic banding, the mouse hearts were harvested and studied. These studies were approved by the Institutional Animal Care and Use Committee of the New Jersey Medical School.
AC5 and AC6 transfection. COS-7 cells were infected with 2 g of AC5 or AC6 cDNA plasmid, respectively, using 6 l of Fugene 6 transfection reagent (Roche Applied Science). After 48 h, the cells were harvested, washed twice with PBS, and lysed for 30 min with lysis buffer consisting of 50 mM Tris ⅐ HCl, 50 mM NaCl, and 1% Tergitol-type nonyl phenoxylpolyethoxylethanol-40 (NP-40) with protease inhibitors. After centrifugation at 4°C, the lysate was stored in aliquots at Ϫ80°C and 15 g of protein were used for Western blot analysis.
Western blot analysis. The frozen heart and brain tissues from mice, rats, and pigs were homogenized on ice in buffer containing (in mM) 50 Tris ⅐ HCl, 6 MgCl 2, 75 sucrose, 1 dithiothreitol, and 1 EDTA (pH 7.6) (TMSDE buffer) and 1 phenylmethylsulphonyl fluoride. The homogenate was centrifuged at 600 g for 8 min at 4°C, and the supernatant was centrifuged again at 69,000 g for 60 min at 4°C to collect the membrane proteins. The membrane pellet was resuspended in TMSDE buffer containing 1% NP-40 and briefly sonicated. The protein concentration was determined with the bicinchoninic acid method (Pierce Biotechnology, Rockford, IL). The membrane sample was solubilized in loading buffer, containing 62.5 mM Tris ⅐ HCl (pH 6.8), 25% glycerol, 2% SDS, and 0.1% bromophenol blue, and was separated on a 6% SDS polyacrylamide gel, as previously described (16) . The proteins were then transferred to a nitrocellulose membrane and blocked for 1 h with 5% milk in buffer containing 20 mM Tris ⅐ HCl (pH 7.5), 150 mM NaCl, and 0.1% Tween-20 (TBST). The membranes were incubated with our affinity-purified, AC5 mouse monoclonal antibody (AC5MAb, 1:500 dilution) or the commercial AC5/6 antibody (C-17) (1:200 dilution; Cat. No. sc-590; Santa Cruz Biotechnology, Santa Cruz, CA) at 4°C overnight. After incubation with the primary antibody, the blots were then washed with TBST at room temperature and incubated with goat anti-mouse IgG [heavy and light chains (HϩL)] (for AC5 detection) or goat anti-rabbit IgG (HϩL) (for AC6 detection)-horseradish peroxidase-conjugated secondary antibody for 30 min. Immunoreactive bands were detected with Western Lightning Chemiluminescence Reagent (Perkin Elmer Life Sciences, Boston, MA). All Western blot exposures were in the linear range of detection, and the intensities of the resulting bands were quantified by Quantity One software on GS-800 densitometer (Bio-Rad, Hercules, CA). The plasma membrane marker, pan-cadherin antibody, was used as a loading control.
Northern blot analysis. Total RNA was isolated from heart tissue that was previously dissected and frozen in liquid nitrogen using the TriReagent isolation method according to the manufacturer's instructions (Sigma, St. Louis, MO). A total of 20 g of total RNA was separated on a 1.2% agarose gel containing 1ϫ 3-[N-morpholino]propanesulfonic acid and 2% formaldehyde. RNA was then transferred onto a nylon membrane. The membranes were hybridized overnight in PerfectHyb solution (Sigma) containing ␣-P
32
-dCTP-labeled AC5-specific probe (a fragment corresponding to nucleotides 1929 to 2129 relative to the initiation of methionine codon). The membranes were washed with 2ϫ saline-sodium citrate (0.3 M sodium chloride and 30 mM sodium citrate), 0.1% SDS buffer Fig. 4 . AC5 protein levels in WT mouse heart and brain tissues. Immunoblotting was performed with AC5MAb using mouse heart and brain homogenates. Western blots were run individually for each age group: neonatal day 1-day 3 (D1-D3), 1 wk, 2 wk, 1 mo (1M), and 3 mo (3M), from mouse heart (n ϭ 3/age group) (A); D1-D3, 3 mo, 6 mo (6M), and 24 mo (24M) from mouse heart (n ϭ 4/age group) (B); and D1-D3, 1 wk, 2 wk, 1 mo, and 3 mo from mouse brain (n ϭ 3/age group) (C); and D1-D3, 3 mo, 6 mo, and 24 mo from mouse brain (n ϭ 4/age group) (D). AC5 protein was highest in mouse neonatal heart and lowest in mouse neonatal brain (before 1 wk) compared with adult (*P Ͻ 0.05 vs. other groups). Data are normalized to mouse D1-D3 samples and expressed as means Ϯ SE.
for 2ϫ 5 min and 0.1ϫ saline-sodium citrate, and 0.1% SDS buffer for 2ϫ 10 min before exposure for autoradiography.
Quantitative real-time polymerase chain reaction. The expression of AC5 mRNA levels was quantified using real-time PCR (ABI Prism 7300). From each sample, 50 ng of total RNA were reverse transcribed (TaqMan, Applied Biosystems) at 42°C for 30 min. The absolute quantification of AC5 and AC6 transcript was measured by TaqMan Probe real-time PCR assays with mouse-specific AC5 forward primer: 5Ј-CACAATCCGCCTCACTGG-3Ј, reverse primer: 5Ј-TCCTCAAAGCCCATCCTCTT-3Ј, and AC5-specific probe: 5Ј-/ 56-FAM/AGCCGAGCGCCCCTTCTACAA/36-TAMTSp/-3Ј. Realtime PCR was performed in two steps: a 1-min step at 95°C, followed by 40 cycles of a 12-s step at 95°C and a 1-min step at 60°C. Internal standards were prepared for each transcript from their PCR-amplified cDNA (5). Data normalization was performed by quantitative PCR amplification of cyclophilin gene or 18S rRNA.
Statistical analysis. Statistical analysis was performed using StatView 5.0 statistical software (SAS Institute). The data are reported as means Ϯ SE. Comparisons between two groups were conducted with Student's t-test. Multiple group comparisons were performed by ANOVA. Significance was recorded for P Ͻ 0.05.
RESULTS

Characterization of AC5-specific mouse monoclonal antibody.
First, we determined the specificity of the AC5 monoclonal antibody (AC5MAb) by Western blot analysis using AC5 or AC6 recombinant proteins expressed in COS-7 cells. As seen in Fig. 1A (lane 1) , AC5MAb cross-reacted specifically with the AC5 recombinant protein at a molecular mass of ϳ150 kDa. However, the AC5MAb did not cross-react with lysate from AC6-transfected COS-7 cells (Fig. 1A, lane 2) . The AC5/6 commercial antibody (Cat. No. sc-590; Santa Cruz Biotechnology) only cross-reacted with lysate from AC6-transfected COS-7 cells (Fig. 1A, lane 4) , not from AC5-transfected COS-7 cells (Fig. 1A, lane 3) . To further validate the antibody specificity, Western blot analyses were carried out using membrane preparations from the heart and brain tissues of AC5 KO, WT, and TG mice with cardiac-specific overexpression of AC5. AC5MAb did not cross-react with proteins isolated from AC5 KO heart (Fig. 1B) and brain (Fig. 1C) . The expression of AC5 increased significantly in AC5 TG hearts compared with the WT hearts (Fig. 1B) , whereas the expression in the brain remained comparable with the WT brains (Fig. 1C) . Different from the theoretical molecular mass of AC5 (139 kDa), which was calculated using the reported sequence and the ExPasy Server (http://www.expasy.org), AC5MAb cross-reacted with proteins at ϳ150 kDa in AC5-transfected cells, in the heart and brain, which could be due to differences in 1) posttranslational modification in AC5 versus AC6 and 2) apparent molecular mass versus calculated molec- Fig. 5 . AC5 protein levels in rat heart and brain tissues. Immunoblotting was performed with AC5MAb using rat heart and brain homogenates. Western blots were run individually for each age group: D1-D3, 1 wk, 2 wk, 1 mo, and 3 mo from rat heart (n ϭ 3/age group) (A); D1-D3, 3 mo, 9 mo, and 30 mo from rat heart (n ϭ 4/age group) (B); D1-D3, 1 wk, 2 wk, 1 mo, and 3 mo from rat brain (n ϭ 3/age group) (C); and D1-D3, 3 mo, 9 mo, and 30 mo from rat brain (n ϭ 4/age group) (D). AC5 protein was highest in rat neonatal heart (before 2 wk) and lowest in rat neonatal brain (before 1 wk) compared to adult (*P Ͻ 0.05 vs. other groups). Data are normalized to rat D1-D3 samples and expressed as means Ϯ SE. ular mass. For example, the reported molecular mass of G s ␣ is 46 kDa; however, the apparent molecular mass of G s ␣ is 45 and 52 kDa (24) . In addition, the sizing accuracy for SDS-PAGE depends on the protein characteristics such as amino acid sequence, isoelectric point (pI), structure, and hydrophobicity (1). Since these specific protein characteristics can affect migration, it is possible that not all proteins migrate according to their expected molecular masses (3, 14, 18, 28) . In fact, pI is quite different for AC5 (pI 6.65) and AC6 (pI 8.16).
The specificity of the AC5MAb was also tested with the AC6 TG mouse heart. The level of AC5 was similar to WT in the AC6 TG mouse heart ( Fig. 2A) . We compared these results with those obtained when using a commercial AC5/6 antibody (Cat. No. sc-590; Santa Cruz Biotechnology). AC protein levels detected by this antibody were not different among WT, AC5 KO, and AC5 TG mouse hearts but significantly increased in the AC6 TG hearts (Fig. 2B) . These results, together with those in Fig. 1A , indicate that this AC5/6 antibody is unlikely to cross-react with the AC5 isoform and reports mainly AC6. We also tested several other commercially available AC5 antibodies; these antibodies were not able to distinguish AC5 expression level in AC5 TG, AC5 KO, and WT mice.
Using the AC5-specific antibody, we examined the tissue distribution of AC5 in organs other than heart and brain. AC5 protein was also found to be expressed in the kidney, lung, liver, stomach, intestine, spleen, skeletal muscle, and vascular tissues (Fig. 3) .
Expression of AC5 protein during cardiac development. We next examined the ontogenic expression of AC5 protein during heart development. In the mouse hearts, AC5 protein abundance was highest before 1 wk and then declined to lower levels (Fig. 4A) , which were indistinguishable from 3 to 24 mo of age (Fig. 4B) . In contrast, the AC5 protein abundance was relatively low before 1 wk in mouse brain, but it increased significantly after 2 wk (Fig. 4C ) and remained high from 3 to 24 mo of age in adult brains (Fig. 4D) . We also analyzed AC5 protein expression in rat heart and brain (Fig. 5) with the similar age patterns of mouse shown in Fig. 4 . AC5 protein level was highest before 2 wk and then declined to lower levels in rat heart (Fig. 5A ), but in rat brain, the AC5 level was low before 1 wk and then increased significantly (Fig. 5C) . In both old-mouse (24 mo old) and old-rat (30 mo old) brain (Fig. 5D) , the AC5 level declined compared with the young (3 mo old) brain. These results demonstrated that the mouse and rat heart and brain have the similar AC5 expression patterns. We further analyzed the AC5 protein levels in pig hearts during development. As shown in Fig. 6 , the cardiac AC5 protein expression was the highest in 1-day-old pig heart and decreased with age (2 to 3 mo; P Ͻ 0.05), with the lowest abundance detected at 5 to 6 mo of age (P Ͻ 0.05 vs. young, and P Ͻ 0.01 vs. neonates).
To determine whether the AC5 protein expression parallels the mRNA expression during mouse heart development, Northern blot and quantitative PCR analysis were carried out. Northern blot analysis showed that the AC5 mRNA abundance was high in the embryonic (gestational day 17) and neonatal hearts, whereas it decreased in the adult (Fig. 7A) . Quantification of the AC5 transcript confirmed an expression of approximately fivefold higher in the 1-day-old mouse heart compared with the adult heart (Fig. 7B) .
Expression of AC5 protein in LVH. To evaluate the effect of stress on AC isoforms (AC6 and AC5) in the heart, 4-to 5-mo-old WT mice had transverse aortic banding surgically applied for a 4-wk period. The effects of LVH on AC6 (Fig. 8A) and AC5 (Fig. 8B) protein content in the heart are shown, with a significant (P Ͻ 0.05) increase in AC5, as opposed to a significant decrease in AC6 protein levels with LVH. (25 g) were compared between neonatal (day 1), young (2 to 3 mo), and adult (5 to 6 mo) pig hearts (n ϭ 4). Pan-cadherin was used as a loading control. The level of AC5 protein expression significantly decreased with age. *P Ͻ 0.05 compared with the adult; **P Ͻ 0.01. Data are expressed as means Ϯ SE. ADU, arbitrary densitometric units. Fig. 7 . AC5 mRNA expression in the mouse heart. A: Northern blot analysis with total RNA (20 g) purified from whole WT mouse heart at 6 different stages: day 17 embryos (E17), day 1 neonates (D1), 3 mo, 6 mo, and AC5 KO as a negative control. B: quantitative real-time RT-PCR with mouse AC5-specific primers and probe (TaqMan). Data are expressed as means Ϯ SE. *P Ͻ 0.05, significant difference compared with 6-mo mouse hearts. Again, levels were highest in neonatal hearts.
DISCUSSION
In this study, we characterized the AC5 protein expression during heart development in mice, rats, and pigs using an AC isoform-specific mouse monoclonal antibody. Our AC5MAb antibody specifically recognizes AC5 protein (Fig. 1A, lane 1) and not AC6 protein in the transfected cells or AC6 TG mouse heart. The fact that no AC protein was detected by AC5MAb in the AC5 KO heart and brain tissues (Fig. 1, B and C) further confirms that our monoclonal antibody is specific for AC5 protein, which is detected at ϳ150 kDa. One of the antibodies [AC5/6 (c-17)] commonly used to detect AC5/6 changes in AC research could not demonstrate specific changes in AC5 protein expression between AC5 KO, WT, and AC5 TG mouse hearts (Fig. 2B) . In our study, this commercial antibody did not detect recombinant AC5 protein in the transfected cells (Fig.  1A, lane 3) , indicating that the AC5/6 antibody favorably cross-reacts with the AC6 protein alone. A recent study (27) also showed that the commercial antibody failed to detect AC5 protein in the AC6 KO hearts, further corroborating our results.
Using the AC5MAb, we were able to show the AC5 protein expression profile among various tissues (Fig. 3) . Previously, the AC5 transcript was found in the brain, heart, kidney, liver, lung, and testis (4). We also found a significant amount of AC5 expression in skeletal muscle and vessels. Higher expression levels of AC5 in the brain were detected in thalamus, consistent with previous findings in the rat brain where thalamus expression of AC5 mRNA was high throughout the various stages of brain development (19) . AC5 mRNA levels were found to be dramatically increased in the adult rat brain, including the striatum.
The AC5 mRNA and protein expression were higher in neonatal compared with adult hearts in mice, rats, and pigs. Interestingly, this pattern for AC5 expression during development differed from that found in the brain, which was lower in neonates (Figs. 4C and 5C), which was confirmed at both the transcript and the protein levels. Previous studies of AC5 mRNA expression during rat heart development have yielded conflicting information (7, 26, 30) . Some studies showed that the expression of the AC5 transcript in the heart increases after birth until cardiac maturation (7, 30) , whereas another study (26) showed that the AC5 mRNA decreases from 6 to 24 mo of age in the rat heart. In our study, the expression profile of AC5 during heart development was comparable among mice, rats, and pigs, showing that the neonatal and young hearts have a higher expression than the mature adult heart.
The finding that AC5 protein levels in the heart are highest at birth and decline with age is similar to what is observed with the fetal gene program (13) , where increases are observed with LVH. Accordingly, we examined the regulation of AC isoforms in pressure-overload LVH. It would be predicted that AC protein levels would decline with chronic pressure overload, as part of a desensitization program. Indeed, this is what we observed with AC6. Surprisingly, AC5 protein paradoxically increased, further supporting the concept that AC5 behaves like other fetal genes, e.g., atrial natriuretic peptide (2, 8, 15) .
In summary, the new AC5 antibody developed in the present investigation represents a novel tool for a proper understanding of the tissue distribution of AC5 and of the ontogenic regulation of AC5 expression, which may be useful for further studies of AC5 signaling. In addition, the availability of a novel type 5 AC antibody will provide new insight into the pathogenesis of disease states. One example, from the current investigation, demonstrating a paradoxical upregulation of AC5 with pressure-overload LVH and its decline with ontogenic development is similar to that of fetal type genes, commonly used markers of cardiac hypertrophy.
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